We experimentally investigate the growth dynamics of cavities nucleating during the first stages of debonding of three different model adhesives. The material properties of these adhesives range from a more liquid-like material to a soft viscoelastic solid and are carefully characterized by small strain oscillatory shear rheology as well as large strain uniaxial extension. The debonding experiments are performed on a probe tack set-up. Using high contrast images of the debonding process and precise image analysis tools we quantify the total projected area of the cavities, the average cavity shape and growth rate and link these observations to the material properties. These measurements are then used to access corrected effective stress and strain curves that can be directly compared to the results from the uniaxial extension.
I. INTRODUCTION
When soft adhesives are detached from rigid surfaces, the incompressibility of the material combined to its extreme deformability leads to complex deformation patterns involving the formation of air fingers and cavities [1] [2] [3] [4] [5] . The details of these patterns depend markedly on the material properties and often evolve towards a fibrillar structure of highly stretched polymers which eventually fail by fracture or detach from the surface [6] . The criteria for the onset of the initial elastic or viscous instabilities have been known for some time [7, 8] and several experimental studies have focused on fingering instabilities [8] [9] [10] , on the cavitation criteria [11] [12] [13] [14] [15] , cavity nucleation rate [16, 17] or growth rate [18] . However the transition from growth of individual cavities to the collective growth of a population of cavities under the applied stress, leading to elongated walls between cavities, also called "fibrils" and to eventual detachment, has received much less attention experimentally [16, 17] . Some theoretical papers have been published on collective growth [19, 20] .
Up to date, it remains difficult to relate the observed patterns to the rheological properties of the soft adhesives, mainly due to the lack of precise experimental characterization of the 3D structures and of the material deformation during the debonding process. Because the processes are dynamic, powerful 3D scanning techniques, such as confocal microcopy, are too slow and one has to rely on classical 2D imaging limited by its depth of field. Proper identification of the cavity borders in an automatic and reliable way it is not a trivial task and requires good quality well contrasted images and adapted imaging software tools. Yet, this information, albeit statistical in nature, is essential if one wishes to gain more insights on the debonding process and be able to compare experiments with results from numerical simulations. It is also a necessary ingredient to understand which rheological properties of the material determine the debonding patterns and, eventually, the adhesion performance, the important parameter for practical applications.
In this paper we have performed careful experiments yielding high contrast images of the cavities nucleated in the early stages of debonding during a probe tack test. We have developed precise image analysis tools to characterize quantitatively and in a statistically significant way the size, shape and overall projected surface of the cavities. Using model materials with well known rheological properties spanning from viscoelastic liquids to viscoelastic solids, we will present detailed measurements of the growth dynamics of cavities, including the total projected area, the average cavity shape and their growth rate. These measurements give access to a corrected true stress and strain which can then be quantitatively compared with material properties in shear and uniaxial extension.
II. MATERIALS AND METHODS

A. Sample preparation
Model acrylate random copolymers containing 98.1% of butyl acrylate and 1.9% of acrylic acid and with varying molecular weights were synthesized by emulsion polymerization by Dow Chemical Company. Two series (A and B) were produced by changing the conditions of synthesis in order to obtain different architectures and, thus, a wide range of viscoelastic properties. Chain Transfer Agent (CTA) was used to control the weight average molecular weight, Mw, of the samples for a given series. For each sample we characterized its Mw and gel content. The average particle size was found to be around 380 nm, see Table I . It was determined by The Dow Chemical Company that all polymers have a low proportion of short branches. Latex solutions have been dried using two different techniques for mechanical and adhesion tests described below. Rheology and tensile tests required thick films (∼600 µm), so that latexes were cast in silicone molds and dried during a week at room temperature followed by 5 min at 110
• C in an oven. For adhesion tests, thin films (∼140 µm) coated on glass slides were made. In this case, latexes were cast on glass slides and dried for 24 hours at room temperature followed by 2 min at 110 • C in an oven. In both cases transparent cohesive films were obtained showing a good coalescence of the particles of the latex.
B. Rheology and Probe Tack Test set-up
The characterization of the viscoelastic properties of the polymers was done on an ARES rheometer (TA) with a standard plate geometry at the Université Catholique de Louvain (UCL). The frequency range was between 10 −2 and 10 2 rad s −1 , while the temperature ranged from 30 to 90
• C. We also performed tensile tests to obtain the mechanical properties of the sample in uniaxial deformation. Experiments were carried out in a standard tensile Instron equipment (5565) equipped with a videoextensometer (SVE). We imposed two different cross-head velocities v, 1.05 and 0.105 mm s −1 , for samples with an initial length l 0 of 15 mm (initial cross section S 0 = 2.5 mm 2 ), resulting in a nominal initial strain rate v/l 0 of 0.07 and 0.007 Hz, respectively.
A home built "probe tack" set up [21] was employed to observe the deformation structure of the soft adhesives and to measure force and displacement during debonding. The apparatus consists of a cylindrical flat ended probe brought into contact with an adhesive layer. After a contact time of 10 s, the probe was pulled away at a constant rate V of 1 or 10 µm s −1 . As the thickness of the sample h 0 is 140 µm, the nominal strain rate approximated by V /h 0 was 0.007 and 0.07 Hz, respectively. The force F and displacement d were measured during the whole experiment. The probe was made of stainless steel, a material that offers a high surface energy and leads to good adhesion. Furthermore, in order to obtain a perfectly smooth and reflective surface, the probe was mechanically polished. In all the experiments we used a probe with a diameter of 6 mm.
A microscope was coupled to this experiment in order Blue contours represent the borders of the cavities our algorithm is able to detect. Only a few small cavities are missed because they are below the noise level. They will be tracked in the next frames when their area exceeds ǫA (see the main text).
to observe the debonding structure from the top. A camera (resolution of 1292 × 964 pixels) numerical recorded the digitalized images. Two Zeiss lenses (1.25x and 5x) were used in order to get low or high magnification images, with a field of view of 7.34×5.48 mm and 1.92×1.44 mm, respectively. Images and force-displacement data were synchronized with a trigger to start simultaneously the probe-tack experiment and the image acquisition process. This trigger also controlled the frequency of the acquisition of the images, setting a frame rate of 10 and 20 fps for a velocity of 1 and 10 µm s −1 , respectively.
C. Image analysis
Quantitative information about the nucleation and the growth of cavities can be obtained by processing the digitalized top-view images acquired in probe-tack experiments. We developed a simple method to analyze these images by only resorting to standard routines already available in many packages for image processing, such as the Image Processing Toolbox TM for Matlab R . An example of the result of this procedure is shown in Figure  1 .
The algorithm detects all cavities with a surface larger than a threshold ǫ A = 50 pixels. Several geometrical quantities, such as the center of mass, the area, the equivalent diameter and the eccentricity are measured for each cavity. The program also assigns an index to each cavity and by comparing the center of mass of cavities between two subsequent frames, nucleation and coalescence events can be tracked. For additional details see Appendix A. 
and shear (G ′′ ) modulus as function of angular frequency (ω) for the three different materials [22] .
III. RESULTS AND DISCUSSION
A. Mechanical Properties
The three different materials studied differ only in architecture and molecular weight and the molecular interactions with a substrate should thus be the same for all three materials. Figure 2 shows master curves at 20
• C of G ′ and G ′′ as a function of angular frequency ω [22] . The curves were obtained by applying time-temperature superposition and it can be seen that the viscoelastic properties of the three materials are identical at frequencies f larger than 10 Hz. However, at low frequencies the rheology of A650 differs from the behavior found for A1570 and Bg1110. The elastic modulus of A650 decreases strongly at low frequency, leading to a material with a pronounced viscoelastic character. A1570 and Bg1110 on the other hand can be described as soft viscoelastic solids over the whole range of frequencies. No terminal flow was detected for any material within the range of frequencies investigated.
While linear viscoelastic properties characterize timedependent relaxation processes, strain-dependent behavior is characterized using large strain properties measured at a given strain rate. In uniaxial extension at a fixed crosshead velocity, the materials show pronounced differences, as shown in Figure 3 by the experimental curves of nominal stress σ N = F/S 0 versus the deformation of the sample λ = l(t)/l 0 . Macroscopic flow is observed for the most viscoelastic material, i.e. the A650 series, while a slight strain hardening behavior characterizes the Bg1110 adhesive. Although A1570 and Bg1110 have identical linear viscoelastic properties at frequencies above 0.01 Hz, the presence of a gel fraction in the Bg1110 series results in a different large-strain behavior and we observe a markedly higher stress at large strain.
B. Adhesion properties
Probe tack tests were carried out at two probe velocities for the three materials. For all experiments, the adhesive films have an initial thickness h 0 and are pulled by a cylindrical probe of area A T . Experiments were repeated several times and the force F T and the displacement d = h(t) − h 0 as a function of time were measured. The nominal stress is given by
while the nominal deformation reads
and represents the nominal deformation of the whole sample in the vertical direction. The experiments are filmed at low and high magnification to capture the dynamics of cavity nucleation and growth. During the displacement of the probe the volume between the probe and the glass slide expands. As the adhesive is incompressible and does not slip at the interface, this increase in volume leads to a large increase in tensile stress inside the layer and to the nucleation of cavities at the interface between the probe and the adhesive [23] and to their subsequent growth. Note that as the volume of the cavities expands the pressure inside the cavities tends towards zero.
The nominal stress-strain curves σ N = f (λ) are shown on Figure 4 and are discussed together with the different dynamics of cavity growth. At a debonding rate of 10 µm s −1 (Figure 4a ), three different shapes of stressstrain curves are observed for the three materials used. Bg1110, the most elastic material, shows a sharp stress peak, followed by a fast decrease of σ N . This shape is explained by the nucleation of cavities during the increase in σ N . These cavities first expand in the bulk of the layer but eventually coalesce at the interface with the substrate. This rapid coalescence leads to the fast decrease in nominal stress observed and results in interfacial debonding. For A1570, cavities also mainly nucleate during the initial increase of the nominal stress. At higher deformation the nominal stress is found to stabilize at a nearly constant value, characteristic of the growth of cavities in the bulk and the subsequent formation of elongated walls or fibrils. At the end, the fibrils detach from the surface, leading to an adhesive debonding. The experiment with A650 shows a double plateau, characteristic of liquid-like materials. In this case the walls formed between growing cavities are too liquid-like to sustain the pressure difference between the low pressure cavities and the atmospheric pressure and pressure equilibration takes place before final fibril detachment [14] . In this case cohesive failure, i.e. residues on the probe, are observed. At 1 µm s −1 (Figure 4b ), the shape of the stress-strain curve of the Bg1110 and A650 are qualitatively identical except for a decrease of the overall stress during debonding. For A1570, a transition is observed towards a liquidlike behavior with two plateaus.
C. Evolution of the load-bearing area
Due to the presence of cavities, the force applied on the disk-shape sample is effectively only applied on a loadbearing cross section that becomes increasingly smaller as λ increases. By analyzing the projected area covered by the cavities and subtracting it from the initial contact area, the average true stress applied can be calculated (see the following section), instead of the nominal stress studied in previous investigations [3, 11, 16, 24] .
By means of the image analysis method described in the previous section we can measure the total contact area A 0 which changes with time. Note that A 0 is typically slightly smaller than A T , the area of the probe, even in the beginning of the experiment. The small difference between these two areas originates from the impossibility, in our setup, to illuminate the whole surface in contact with the probe. For each frame we measure the total area covered by the cavities A b and then deduce the load-bearing cross section of our disk as a function of time, A e = A 0 − A b . This latter quantity is simply the effective area of the walls between cavities. Note that, as the observation direction is normal to the disk, the maximal diameter of each cavity is observed in the projected image, see the sketch in Figure 5 .
The precise measurement of the growth dynamics of the cavities can unfortunately not be undertaken for the complete force-displacement curve. Due to loss of contrast and resolution we can only precisely track cavities until λ = 3 − 5, i.e. the first part the curves shown on Figure 4 and all the following results will be restricted to this deformation range.
The study of the evolution of the projected areas taken by the cavities A b as a function of time and nominal deformation λ gives interesting insights on the average geometry of the cavities and can be linked to the rheological properties of the material and to the adhesion at the interface with the probe. Cavities are observed to nucleate at different locations for each experiment due to the fact that nucleation depends on parameters that are difficult to control, such as dust or microparticles on the surface. Also the precise moment of nucleation can slightly vary between experiments [11] . Interestingly, however, when the probe is pulled at 10 µm s −1 the function A b /A 0 (shown on Figure 6a) is very reproducible for different experiments with the same material and is found to be similar for the three materials.
On the other hand, when the probe is pulled more slowly (at 1 µm s −1 ) the picture is different, see Figure 6b. Contrary to the tests at 10 µm s −1 , some scatter is observed for A b /A 0 for each material and A b /A 0 now seems to depend on the material. Bg1110 shows a faster increase in the projected cavity area, then A1570 and A650. This shows that at slow pulling rate, cavities grow with different shapes for the different materials. Cavities growing in the more elastic material cover more surface and are thus less elongated in the tensile direction, whereas cavities in the softer material show a slower increase in projected areas, indicating a more elongated shape. This result is consistent with what was found by Yamaguchi et al. [4] for adhesives with different crosslink densities.
The differences in the measurements between the two probe velocities are interesting. In fact, they show that at 10 µm s −1 the shape of the cavity is fully determined by the high frequency behavior of the materials, which does not vary much between the different materials. On the other hand, at 1 µm s −1 , differences in rheological properties do lead to significantly different kinematics which will eventually lead to very different levels of dissipated energy.
D. Projected shape of cavities
During the early stages of the debonding process described in the previous paragraph, the shape of the projected area of individual cavities undergoes a transition from a circular to a more irregular form. Initially cavities grow in a circular manner. As the cavities start to occupy more volume they begin to feel each other through elastic interactions and viscoelastic flow. These interactions lead to a deviation from their initial circular shape and, eventually, to the coalescence of cavities, further modifying the overall shape. A simple way to quantify this geometrical transition is to compute the size of the difference between the shape of the cavity and the circle with the same projected area placed at the center of mass of the cavity, see Figure 7 . This absolute difference between areas, A d , provides a measure of the average change in shape of the cavities, thus quantifying in this way how the material responds to an external deformation. The elasticity of the material acts here like a surface tension and restricts sharp changes in shape [25] .
The data is best shown as a function of the relative area occupied by the cavities (A b /A 0 ) to avoid effects due to differential nucleation present for the slower pulling velocity. For all materials and strain rates, the projected area of the cavities becomes markedly non-spherical as cavities interact or merge with each other.
The evolution of the normalized A d /A 0 for the two velocities is shown in Figure 8 . At both velocities the more elastic material Bg1110 maintains more circular cavities consistent with its more elastic character. This strongly suggests that the level of elastic energy stored in the material during deformation has an effect on the curvature of the cavities.
E. Growth rate of individual cavities
We estimate the growth rate of individual cavities from the evolution of the projected area of each cavity as a function of time shortly after their nucleation. Images of the whole probe have not enough resolution to provide this information and we thus use high magnification images (5x) of the central part of the sample.
The increase in area of a single cavity normalized by the area of the probe is shown as a function of time on figure 9 . From this figure it is clear that the growth of cavities does not follow a simple functional form, in agreement with previous observations [11, 16, 18] . Right after nucleation, exponential cavity growth is observed [18] , but quickly after this initial stage they start to interact with the surrounding cavities and their growth slows down and deviates from the exponential behavior. This is easily explained by the fact that cavities relax the accumulated stress in the adhesive layer very quickly after their nucleation, leading to a slow down of the growth.
We aim at capturing the first stages of cavity growth, as differences between different materials are expected to be important mainly when cavities grow independently. Even if cavities grow exponentially right after nucleation, the later stages of the growth rate can be approximated by a square root function and a simple exponential fit does not permit a clean estimation of the growth rate α. In fact, the time variation of the area A(t) of each cavity reaches a maximum in a very short time and, subsequently, it decreases. A sigmoid function S can easily catch this behavior of A(t):
where a is the amplitude of S (for a = 1, S → 1 when t → ∞), α is the growth rate, and t 0 is the moment of maximum growth. These three parameters are estimated from a non-linear least-squares fit of the time derivative of A by using the function
A typical result of the fitting procedure is shown in Figure  9 .
A box plot of the growth rate α for the three materials is shown in Figure 10 . We have divided the cavities in two groups, those that have nucleated before the force peak during the probe-tack test (left column) and those nucleated after it (right column).
First of all, one can note that for the more elastic materials, Bg1110 and A1570, most of the cavities nucleate before the maximum of the stress peak is reached [17] . For the more liquid-like material however significant nucleation is observed even after the stress peak has been reached. This phenomenon can be explained by 17 18 t ( (3) and (4) (inset), respectively.
the fact that for the low modulus of the A650 material the compliance of the adhesive layer quickly drops below the compliance of the apparatus leading to a sudden transfer of energy from the apparatus to the adhesive layer initiating nucleation of further cavities. This observation might thus be apparatus dependent. The most interesting observation is the difference in growth rate between the different adhesives. The most elastic material, Bg1110, and the most liquid-like material, A650, both show larger growth rates with a large scatter, whereas the growth rate of the A1570 material is found to be smaller and more reproducible. For the Bg1110 the large growth rate of the projected area can be explained by the large amount of elastic energy stored in the elastic layer, leading to strong cavity growth along the interface (a crack propagation mechanism). For A650 the resistance of the material is too small to prevent bulk expansion of cavities, also leading to rapid growth of the projected area. The A1570 material seems to have the optimal material properties and leads to a moderate growth rate. The large scatter in the growth rate of cavities nucleated before the peak, observed for A650 and Bg1100, is most likely due to differential nucleation at different stress levels leading to different growth rates [11, 16] . For A1570 the growth rate is dominated by the viscoelasticity of the material leading to smaller differences in the observed growth rates. The total number of cavities were 39 for the A650, 53 for the A1570, and 32 for the Bg1110. The box plot is characterized by five-numbers summaries, i.e. the smallest observation (the lower horizontal line), the lower quartile (lower boundary of the box), the median (the line inside the box), the upper quartile (upper boundary of the box), and the largest observation (the upper horizontal line). We have also added the mean of each data set (the symbol inside the box) and outliers are represented by stars.
F. Effective Normal Stress
One of the most interesting results that comes from the detailed analysis of the kinematics of deformation is the analysis of the applied force. The normal component of the force applied to the disk F d is the sum of two terms. The first one, F m , arises from the deformation of viscoelastic material, whereas the other contribution, F P , is due to the work done against the atmospheric pressure to increase the volume of the low-pressure cavities (a suction cup effect). The force F d will be simply estimated from the nominal force F N and the ratio between the area of the illuminated region and the whole probe area
The fraction of the measured force due to the work against the atmospheric pressure depends on the spatial distribution of the cavities on the sample. Yamaguchi et al. used a simple model to study the dynamics of debonding of an axisymmetric PSA simplified to of a one-dimensional problem [19, 20] . Their numerical investigations showed that, after nucleation of cavities, the pressure field rapidly drops to zero at the position of the two outermost cavities, leading to a screening effect on other cavities inside the PSA. This result can be easily extended to our two-dimensional arrangement of cavities by considering the convex envelope of the perimeters of the cavities. As shown on Figure 11 , this area A c strongly depends on the location of cavities and can be obtained from the images, so that
where P b is the pressure inside the cavities and P atm is the atmospheric pressure. As P b is of the order of magnitude of the vapor pressure, P atm ≫ P b and equation (5) reduces to [14] F P ∼ A c P atm .
Although it is obvious that this crude calculation of the pressure field is not accurate in the nucleation region (before and around the force peak), it gives a good approximation after the force peak when many cavities are growing simultaneously in size.
From the force F m we can then calculate the effective tensile component of the stress applied to the material in the disk
where
G. Effective deformation
The effective stress obtained from the previous calculations is an average value, valid for a slice where the cavities have their maximal diameter (i.e. where the projected area of the walls between cavities is minimum). To plot a true stress versus strain curve, we should also consider the local average deformation along the tensile direction in the wall for a position in this slice. This can be obtained from the load-bearing area in a way analogous to the effective stress. The deformation λ = h(t)/h 0 can be rewritten as λ = R 
In Figure 12 this effective average value of λ is plotted as a function of the nominal λ. The results show that the local deformation always exceeds the nominal one, suggesting a localization of the deformation in the observation plane analogous to a necking process. The necking process appears to be unstable (i.e. the slope of λ vs λ increases with increasing λ) for Bg1110 (crack propagation at the interface due to the stress concentration at the crack tip) and A650 (no strain hardening and cohesive failure) and stable for the A1570 which has the best PSA properties. This Figure shows well how the elongational properties of the adhesives should be optimized. If too much elastic energy is stored during elongation, stresses at the edge of the cavities cannot relax and the cracks coalesce at a relatively low value of λ. If too little elastic energy is stored, the debonding geometry leads to necking and cohesive failure. This optimized set of properties is consistent with the PSA design rules proposed by Deplace et al. [6] and is also in agreement with the observations made on the growth rates from figure 10. 
H. Effective stress vs effective strain curves
We can now discuss effective stress versus effective strain curves as presented in Figure 13 . The initial peak present in the nominal stress is not observed anymore for the Bg1110 material and is much less pronounced for the two other materials. At 1 and 10 µm s −1 the effective stress for the A650 keeps decreasing after the peak and leads, eventually, to cohesive failure. For the intermediate molecular weight (A1570) the effective stress decreases first and then slightly increases while the most interesting behavior occurs for the Bg1110 where the effective stress never decreases after the peak force. One would expect the true stress to be much more directly related to the material properties and it is clear by qualitatively comparing Figure 13 for example with Figure  3 , that the elasticity influences greatly how the effective stress varies with extension. The increase in effective stress for the Bg1110 is clearly related to the cavities expanding laterally as cracks and this increase in effective stress reflects the presence of a stress concentration at the cavity edge which leads to eventual coalescence of adjacent cavities and debonding. The moderate increase in true stress of the other two materials is characteristic of the extension of the walls between cavities.
To go even further, we can finally compare the effective stress σ e as function of λ with the true stress σ T = F/A(t) (which, due to incompressibility, can be calculated by σ T = λσ N ) obtained from the tensile test (Figure 3) . Our correction of the stress and strain values from the debonding experiments using the load bearing area is a first attempt to obtain effective stress strain curves that can reasonably be compared to results from material characterization obtained by traction experiments. The results of this comparison are shown on Figure 13a and 13b. Obviously the two stresses are very different at values of λ close to 1, since the degree of confinement is very high [7, 26] . However, as the deformation of the adhesive layer increases the effective stress should become closer to the tensile stress in uniaxial extension since the walls between cavities are not confined anymore. This is qualitatively observed in Figure 13a and 13b but one should keep in mind that the stress remains highly heterogeneous in the foam structure and is far from being uniaxial. Note also that for the slow pulling speed the contribution of F P is more important compared to the faster pulling velocity and small errors made by our approximations might thus be more important for this case. The most striking difference is between the A1570 and Bg1110 where an apparently small difference in uniaxial constitutive behavior at this strain rate results in a completely different debonding mechanism with a completely different distribution of local stress.
IV. CONCLUSIONS
We have carried a systematic investigation of the kinematics of deformation of model thin adhesive layers made from acrylic pressure-sensitive-adhesives, as they are debonded from a flat-ended cylindrical probe at two different probe velocities.
The rheological properties of the three adhesives were characterized in the linear viscoelastic regime and in uniaxial deformation until rupture at two different strain rates. The three adhesives were chosen to show differences in mechanical behavior at low frequency in small strain and at large strain due to variable levels of molecular weight and chain branching.
The debonding of the layer from the probe occurred through the nucleation and growth of cavities which then led to an elongated foam structure. However, the relationship between the applied force and the nominal deformation were markedly different for the three adhesives representative of behaviors spanning from too liquid-like to too solid-like.
The kinematics of the deformation of the layer was characterized by image analysis as a function of time and the three materials were systematically compared. The average shape of the cavities nucleating during debonding and the total projected area of the cavities in the plane of the adhesive film were characterized quantitatively for all three materials at two different velocities. Very few differences in the overall projected area were observed at V = 10 µm s −1 . However, cavities were more spherical projected area for the more elastic adhesive at 1 µm s −1 while cavities were the most irregularly shaped for the lower molecular weight adhesive. Furthermore an estimate of the local tensile strain in the plane of observation showed that the local tensile strain systematically exceeds the nominal strain and diverges for the lowest molecular weight (leading to cohesive debonding) and the most elastic adhesive (leading to interfacial failure by crack propagation) and was only stable for the intermediate adhesive showing the best PSA properties.
The kinematic information was used to calculate for the first time to our knowledge the effective stress as a function of time in the stage where cavities grow mostly in the plane of the film and are not yet very elongated in the tensile direction. While this effective stress drops after the peak force for the two uncrosslinked materials, it keeps increasing after the peak force for the Bg1110. Such a qualitative difference leads to an entirely different debonding mechanism, with stable fibrils for the two uncrosslinked materials and crack coalescence for the more elastic Bg1110.
These results show that small differences in rheological properties in small and in particular large strain, lead to significant changes in the kinematics of deformation under the same applied boundary conditions, which then has a great influence on the work on debonding. This coupling between rheological properties and kinematics is a great challenge for modeling soft materials and we hope that our results will be the base of comparison with simulations of computational fluid mechanics using realistic material properties. coalescence of two or more cavities occurs, the new data of the coalesced cavity are assigned to the lowest index in the list while the entries of the other cavities are deleted. In this manner we are able to track the evolution of each cavity and record all the coalescence events.
